The Physiology of the Apocrine (Ceruminous) Gland of the Human Ear Canal1  by Shelley, Walter B & Perry, Eldon T
THE PHYSIOLOGY OF THE APOCRINE (CERTJMINOUS)
GLAND OF THE HUMAN EAR CANAL*
WALTER B. SHELLEY, M.D., Pll.D. AND ELDOM T. PERRY, M.D.
The medical literature in general, and the otology journals in particular,
abound in studies on the etiology, classification and treatment of otitis externa,
but only a few investigators have studied the physiology of the ceruminous gland
(1, 2). The marked histologic resemblance between the ceruminous gland in the
human ear canal and the apocrine gland in the axilla of man is well known. The
apocrine gland in the axilla has recently received due attention and much has been
learned of its physiology (3, 4). By reason of these studies we are now in a better
position to understand some of the pathologic processes occurring in this gland
(5). We felt that similar investigations into the physiologic processes of the
ceruminous gland might not only illuminate the relationship of these two glands
but might also provide a fresh approach to the problem of otitis externa.
METHOD
Most observations were made by direct visualization of the anterior wall of
the external auditory canal in its distal portion, obtaining 16 to 40 power mag-
nification with a Zeiss Stereomicroscope. The microscope was equipped with a
Lempert lens to increase the focal distance, thus permitting injections and
manipulations to be made under direct visualization. Initially there was difficulty
in securing adequate illumination. After extensive investigation of various lamps
and attachments, it was found that a flashlight bulb on an extension cable (Fig.
1) provided the best lighting. The tragus was usually held back with a small
angle mirror which could be used also to increase the lighting or exert pressure
on the wall.
One hundred and fifty normal healthy adult male subjects were used in the
initial studies. Since the quantity of apocrine secretion is small, work was
facilitated by making the majority of the observations on the ten men who
showed the greatest responses to stimulation, and who had canals presenting
the least anatomical drawbacks to visualization. The presence of ear wax always
prevented an adequate view of the appearance of secretory products, so that
initially all of the subjects had thorough cleansing of the canals with alcohol-
moistened, cotton-tipped applicators. In the subjects selected, further cleans-
ing was not done during the experimental period. Observations on the ten-man
group were made at weekly intervals during the winter months. Room tem-
perature was approximately 21°C.
During the preliminary studies it became apparent that the ceruminous gland
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FIG. 1. Equipment used in visualization of the apocrine sweating of the ear canal. The
Zeiss stereomicroscope is capable of magnifying up to 160X, but observation at powers over
40 did not prove helpful. Lighting was obtained by a flashlight bulb on an extension cable,
and was held by an assistant. The tragus was retracted by the use of a small angle mirror.
has a reservoir of secretion which can be readily emptied by emotional stimuli
or by mechanical means such as rubbing the canal or by cleansing. This finding
imposed upon us the necessity of gentle treatment of both subject and ear canal
to permit study of the physiologic factors causing the gland to empty. The same
technical restrictions were found in a study of the axillary apocrine sweat gland,
but the larger size of the axillary gland permitted greater latitude since complete
emptying of the gland was unusual.
All injections (0.01—0.02 ml.) into the skin of the ear canal were made with 30
gauge hypodermic needles which caused little or no pain. Due to tissue tension,
amounts larger than 0.02 ml. commonly caused reflux of the solution back onto
the canal surface. The pharmacologic agents were freshly prepared in sterile
physiologic saline solution in a 1/1000 concentration. Physiologic saline solution
served as a control for all test substances except pitocin. Since the commercial
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pitocin contains 0.5 % chioretone® (chiorobutanol) as a preservative, a similar
concentration of this agent in distilled water was used as a control.
Fluorescence was determined by use of a Wood light. Universal indicator paper
was used for the pH determinations.
The effect of pain as a stimulus to the ceruminous gland was studied by intro-
ducing a 20 gauge needle into the subject's palm.
RESULTS
Secretory Product of Ceruminous Gland
The secretion from the ceruminous glands of the external auditory canal ap-
pears as tiny, white, watery droplets, or as a colorless fluid surface film. It dries
slowly to form a sticky, gummy semi-solid which, in vitro, gradually darkens over
a period of days. Fresh secretion has a greenish-yellow fluorescent hue under the
Wood light, and it retains this fluorescence even after drying.
Secretion usually appeared only at the follicular openings but in a "profuse"
flow the entire surface became wet. When a stimulus produced a meager response,
fluid could be seen to well up in the follicular opening and then recede without
spilling out onto the skin surface.
The pH of the secretion was found to range between 5.0 and 5.5 as measured
in eight subjects after the administration of from 0.25 to 0.75 ml. of epinephrine
(1:1000 solution) intramuscularly.
Effect of Pressure
Traction on the pinna or pressure against the wall of the external auditory
canal usually caused droplets to appear. Furthermore, chewing or tightly clench-
ing the teeth often produced the same effect. A sliding pressure along the wall
was probably the most effective method of emptying the ceruminous glands and
it could be employed to gauge the effectiveness of a previous stimulus.
Because of the canal's responsiveness to even slight pressure, it was not pos-
sible to clean the subjects' ears before testing.
Effect of Drugs
Epinephrine (1:1000) was found to be the most potent of the pharmacologic
stimuli tested. In all ten subjects there was unequivocal sweating in 20 to 30,
seconds after 0.1 ml. was injected into the wall of the ear canal. Furthermore,
all subjects were given from 0.25 to 0.75 ml. of epinephrine intramuscularly.
There was a definite apocrine gland response in both ears of each subject after
about 45 seconds.
Nor-epinephrine (Levophed bitartrate monohydrate) (1/1000) injected into
the skin of the ear canal of seven subjects gave, in each instance, a good response.
Pitocin, the oxytocic principal of the posterior lobe of the pituitary, was ad-
ministered both locally and systemically to ten volunteers. Nine of these subjects
showed a ceruminous gland response to 0.02 ml. (0.2 unit) given intradermally.
Only three demonstrated such a response when the drug was given intramuscu-
larly in a dosage of 40 units.
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FIG. 2. Apocrine sweat from ceruminous glands as seen on the anterior wall of the human
external ear canal following epinephrine injection. The sweat appears as tiny glistening
droplets, usually at the opening of the hair follicle. Magnification 5X.
There was sweating in three of the ten subjects who received acetyicholine
by local injection. It was singular in that it occurred immediately whereas all
other responses had followed the injection of the drug by not less than 20 to 30
seconds. Acetylcholine and pilocarpine had rio effect on eight subjects in whom
the gland had been emptied by mechanical pressure.
Effect of Emotional Stimuli
Anxiety, such as that seen in most subjects during their first visits, always
caused sweating in the canal. If a subject experienced pain, the sweat response
was instantaneous. It was not possible to block this response with procaine be-
cause the injection of this substance locally in itself usually produced a gland
response.
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Effect of Heal
Two methods were used to produce an increase in body temperature in an
attempt to cause ceruminous gland secretion. Seven subjects exercised vigor-
ously in a room heated to 91°F. Three others were subjected to local heating by
a 500 watt electric light in a metal reflector over a period of from 15 to 20 min-
utes. Although there was profuse eccrine sweating in each subject, neither of the
test conditions caused a ceniminous gland response.
FIG. 3. Histologic section of outer third of an 'adult's ear canal showing apocrine (cerumi-
nous) gland unit for comparison with axillary apocrine glands seen in Figure 4. Both views
are at the same magnification. Note how small the ear canal apocrine gland is compared to
the axillary apocrine gland. This reflects itself in the smaller volume of secretion obtained
on stimulation of the ear glands. The arrow points to the duct of the ceruminous gland
emptying into a hair follicle. Just below the duct is the secretory portion of the gland.
Cartilage (C) and parotid gland (P) are found beneath the dermis. Magnification 30X.
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FIG. 4. Histologic section of adult axillary skin for comparison with Figure 3. Both Fig-
ures 3 and 4 are at the same magnification. The arrow at the left points to the duct of an
apocrine sweat gland. Itis emptying into a hair follicle. Just below is the secretory and reser-
voir portion of the gland. These glands are much larger than the apocrine (ceruminous)
glands of the ear canal. The arrow on the right points to an eccrine sweat duct, and below
are seen the small eccrine tubules. These eccrine glands are not present in the ear canal.
Magnification 30X.
THE CERUMINOUS GLANDS RESPOND TO:
SMOOTH MUSCLE STIMULANT — PITOCIN
EPINEPHRINE
NOR- EPNEPHRINE
2-EMOTIoN
3-MCHANICAL"MILKING"
FIG. 5. Stimuli for human ceruminous gland.
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Refractory Period
A completely emptied gland required from 1 to 2 days for refilling as ohservej
during daily serial testing with epinephrine.
DISCUSSION
Histologic study of the human ear canal reveals it to be a unique area of the
skin. It has but two types of glands: sebaceous and ceruminous. Accordingly,
the analysis of glandular response in this area is far simpler than in the axilla
where the eccrine, apocrine and sebaceous glands intermingle. In our studies we
found that sebum never appeared in the ear canal as a visible product in response
to stimuli. In contrast, the secretion of the ceruminous gland appeared as watery
droplets or, when "profuse", as a liquid film over the skin surface.
Histologically, the ceruminous gland in the ear canal is a large apocrine-like
sweat gland with a lumen which apparently serves as a reservoir for secretion.
This reservoir effect can be readily demonstrated by a firm stroke which me-
chanically empties the gland.
It thus becomes apparent that the cerurninous gland has two functions. One
is the secretion of sweat. This is a cellular process, not in the province of this paper,
and it is assumed to proceed at a slow constant rate since we could discover no
eccrine-like response of the gland. The other process, which may be designated
as sweating, is the emptying of the glandular reservoir as evidenced by the ap-
pearance of sweat on the skin surface. Histologic study gives a clue as to the
mechanism of this process of sweating by revealing the presence of smooth mus-
cle (rnyoepithelium) about the tubular portion of the gland. It is the contraction
of this myoepithelium which has been shown (4) to deliver axillary apocrine
sweat to the skin surface. The results of the present study indicate that the
ceruminous gland is another example of the general class of apocrine glands since
here again the myoepithelium appears to be responsible for the delivery of the
secretion to the skin surface. We have shown that the myoepithelium responds
to epinephrine and norepinephrine, but not to acetylcholine. This would indicate
that the nerves that supply this structure are adrenergic. Indeed, this concept
has received support in histologic studies (6) from this laboratory.
A second factor which points out the relationship of the ceruminous gland to
the family of apocrine glands is the response of the gland to pitocin, a known
stimulus to smooth muscle. Nine of the ten subjects tested gave an unequivocal
response when pitocin was injected into the external auditory canal.
No less convincing was the secretion of the ceruminous glands in response to
emotional stimuli of significant intensity. Anxiety and fear are just as effective
in emptying the ceruminous gland as the axillary apocrine gland. In office prac-
tice, inspection of the ear canals of anxious patients will often reveal evidence
of apocrine secretion.
The ear canal is the site of the majority of the ceruminous glands, but histo-
logic study (7) shows isolated glands in the pinna. These were observed to respond
in a manner identical with the glands of the canal itself.
To round out the picture we must allude to the failure of heat to produce a
ceruminous gland response. This again is the sort of result that one might expect
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in a member of the apocrine gland group. It is the same response, or to be more
exact, the same lack of response, that was noted in studying the axillary apocrine
gland.
Finally, attention should be drawn to the fact that the product of the ceru-
minous gland is apocrine sweat, and that this provides but one of the solid com-
ponents of cerumen. Cerumen is then, a heterogeneous product of the ear canal,
being made up of the sweat of the ceruminous gland, sebum, and dead desquamat-
ing epithelial cells.
In summary, the relationships of the sweat glands might be outlined as follows:
Response to
Heat Epinephrine MechanicalAcetyicholine Expression
Ceruminous Gland
Apocrine Gland (Axilla)
Eccrine Gland
0
0
+
+
+
+
0 +
0 +
+ 0
SUMMARY
The ceruminous gland of the human ear canal has been shown to be an apoc-
rine type of sweat gland which shows two processes: (1) secretion, an inapparent
cellular process occurring at a slow continuous rate, and (2) sweating, the appear-
ance of whitish droplets of fluid at the follicular orifices. Sweating results from
contraction of the myoepithelial sheath about the gland reservoir which forces
the apocrine sweat to the skin surface. Mechanical stimuli, epinephrine, pain or
fear all cause this emptying of this gland.
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DISCUSSION
DR. BEN SENTURIA (St. Louis, Mo.): I would like to know how the investiga-
tors differentiate the sebaceous secretion from apocrine secretion since in the
ear canal we are dealing with an apo-pilosebaceous unit.
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DR. CLARENCE S. LIvING00D (Detroit, Michigan): I would like to ask Dr.
Perry a question. All of us are familiar with Dr. Shelley's ingenious experiments
regarding the role of the apocrine sweat in producing the characteristic odor of
the axilla. I would like to have his comments on that factor as far as the apocrine
secretion in the external ear is concerned.
DR. STEPHEN ROTHMAN (Chicago, Ill.): In 1891 a French author, Arloing,
stimulated the cervical sympathetic chain of the donkey and obtained profuse
fat excretion from the ear (quoted in Chemie der Haut. in Jadassohn's Handbuch
T/2, p. 261, 1929). Thus the sympathetic innervation of fat-excreting glands of
the ear canal was recognized 64 years ago. The problem, however, is whether this
sympathetic impulse causes the contraction of myoepithelium and thereby ex-
pression of preformed material or whether this is a true secretory innervation.
I do not believe that cholinergic innervation of apocrine glands has been ruled
out (see also Aoki, T.: J. Invest. Dermat., 24 (545, 1955).
DR. MARION B. SULZBERGER (New York, N. Y.): I was going to discuss
exactly the point which Dr. Itothman has just made. I think I discussed this
same point originally at a Symposium of the Bronx Dermatological Society at
which I)r. Shelley presented his interesting talk on the influence of adrenergic
and cholinergic compounds and of heat and the emotions upon the delivery of
material from the human apocrine glands. (Archives of Derm. & Syph. 66: (172,
1952). The point is this: when I heard Dr. Perry use the word "production" of
this material just now, I wondered if he really meant "production", i.e. "manu-
facture" or "secretion" of the material? It sounds like a semantic question, but
I think it is much more than that. What Dr. Shelley and Perry were really study-
ing, if I am correct in my interpretation of their results, is the "delivery" of the
material to the surface. It is this, we believe very fundamental, distinction which
impelled Dr. Franz Herrmann and me to carefully choose as the title of our
monograph on sweating the term "Disturbances in the Delivery of Sweat,"
("The Clinical Significance of Disturbances in the Delivery of Sweat," Charles
C Thomas, Springfield, Ill., 1954). It is of course a matter of more than academic
interest and is, I think, a matter of very basic importance to be clear as to whether
true secretory functions are being studied here or whether the studies and findings
relate solely to the functions of pressing out the material to the surface, its pro-
pulsion, its "ejaculation,"—in short, its "delivery." I think in the light of every-
thing we know today we must subscribe to the thesis that the production i.e.
"elaboration" or "secretion" of human apocrine sweat is not proved to be en-
tirely dependent upon the purely adrenergic stimuli, but only that its "delivery"
to the surface can be shown to be dependent upon these.
DR. HERBERT MESCON (Boston, Mass.): In using frozen unfixed sections of
apocrine glands, almost all the lumens are filled with material. Depending upon
the fixation used, will determine how many of the various sections will still
contain material.
DR. ELDON T. PEmtv (in closing): I would like to thank the discussers for
their comments.
First, in answer to 1)r. Senturia's question: we felt that the secretion that we
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saw was from the ceruminous, and not the sebaceous, glands because it could be
dried immediately by a draft of warm air.
To iDr. Livingood: we have not studied the presence or production of odor in
the external ear canal although it is a promising prospect for future investigation.
IDr. Rothman mentioned the response of sweat glands in horses after stimula-
tion of the sympathetic chain. These glands will, I believe, respond to both ad-
renergic and cholinergic stimuli. Recent work from our laboratory has shown
that the nerves supplying the ceruminous glands in man do not stain with the
cholinesterase method and it has been suggested that these nerves are adrenergic.
I would like to thank IDr. Sulzberger especially because he has pointed out so
clearly that we were studying, not the formation of apocrine sweat by the cerumi-
nous gland, but the delivery of preformed secretion to the surface of the skin
following stimulation of the myoepithelium.
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